CONVERSION FACTORS
For readers who prefer to use metric units rather than inch-pound units, the conversion factors for the terms used in this report are listed below. Air temperature is given in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C) by the following equation°C =(°F-32)/1.8
Multiply
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OVERVIEW OF WATER RESOURCES IN OWENS VALLEY, CALIFORNIA By Linda S. Rogers and others
ABSTRACT
In 1982-84, a water-resources appraisal of Owens Valley was made by using available hydrologic information.
Results of the appraisal provide an overview of water resources in Owens Valley; a better understanding of the groundwater system; and a framework for additional studies.
Owens Valley is in east-central California and is the major source of water supply for the city of Los Angeles, which is located 233 miles to the south. Since 1913, with the completion of the first aqueduct, surface water has been diverted from the Owens River to Los Angeles.
In 1970, a second aqueduct was completed.
Ground-water pumping was increased to supplement the water needed for the increasing population in Los Angeles. This increased groundwater pumping has caused concern as to whether the environment, native vegetation, and recreation in Owens Valley will be detrimentally affected.
Most of the outflow of water from Owens Valley is from exports via the aqueduct system and by evapotranspiration loss; principal sources of water are runoff, inflow from Pleasant Valley Reservoir, and precipitation.
Streamflow from the Sierra Nevada is a source of tremendous quantities of water to the valley.
Pumpage from more than 90 pumpequipped wells averaged about 98,000 acre-feet per year from 1971 to 1983, but it was generally less than 10,000 acre-feet per year from 1932 to 1970, except during dry years.
The Big Pine-Crater Mountain and TabooseAberdeen well fields supply about 50 percent of the total pumpage in Owens Valley.
Ground-water pumping is primarily from deep wells adjacent to the volcanic rocks near Big Pine. Wells completed in the volcanic rocks yield large quantities of ground water.
Water-level fluctuations in deep wells indicate a direct correlation with ground-water pumpage.
There also is some correlation between pumping in deep wells and water-level fluctuations in shallow wells.
Fluctuations in shallow wells, however, also are affected by changes in evapotranspiration and precipitation. The cause-and-effect relation of water-level fluctuations in deep and shallow wells is not well understood and is the subject of current studies.
In October 1982, Inyo County and the city of Los Angeles entered into agreements with the U.S. Geological Survey and with each other to conduct a 5-year study consisting of three projects:
(1) vegetation, (2) plant-survivability, and (3) ground water. This multiple-agency, 5-year study will better define the quantity and availability of ground water in the valley, as well as determine the effects of ground-water withdrawals on native vegetation. An appraisal of the water resources of Owens Valley was done by the U.S. Geological Survey in cooperation with the Los Angeles Department of Water and Power.
INTRODUCTION
7 Objective
Water-Resources Appraisal of Owens Valley
Results of the appraisal provide (1) an overview of water resources in Owens Valley, (2) a better understanding of the ground-water system, and (3) a framework for additional studies.
Owens Valley is about 200 miles north of Los Angeles in east-central California along the eastern edge of the Sierra Nevada.
The valley is a long, narrow, closed basin extending from the Nevada border and Long Valley south to Haiwee Reservoir.
The length of the valley is about 120 miles and the width ranges from 15 to 40 miles; the total area is 3,300 square miles.
The valley is flanked by the Sierra Nevada to the west and the White and Inyo Mountains to the east.
Altitudes 1 range from 14,495 feet at the crest of Mount Whitney (highest in the conterminous United States) to 3,570 feet at Owens Lake (dry).
The part of Owens Valley included in this study is from the Mono-lnyo County line to Haiwee Reservoir ( fig. 1.1-1 ).
This study was done during 1982-84 and used available hydrologic information, including data collected in conjunction with the construction and operation of the Los Angeles aqueducts. Data were compiled with the assistance of Melvin L. Blevins, Gene Coufal, and Bruce W. Kuebler of the Los Angeles Department of Water and Power and Gregory James of the Inyo County Water Department.
The organization system used in the preparation of this report consists of a brief text, and accompanying maps, graphs, and tables for each of a series of water-resources-related topics. This format is particularly useful for presenting hydrologic information in a format that can be easily understood by the general public.
Because some of the hydrologic terms used in this report will be new to many readers, definitions are given in section 7.0.
Altitude, as used in this report, refers to the distance above the National Geodetic Vertical Datum of 1929. In the early 1900's, the city of Los Angeles recognized a need to develop additional water sources because of an increasing population and an inadequate local water supply.
Thus, Los Angeles directed its water-gathering efforts towards Owens Valley and acquired much of the land.
The first aqueduct, completed in 1913, diverted surface water from the Owens River to Los Angeles, which is located 233 miles to the south ( fig. 1.2-1) .
During the years 1913-70, surface-water diversions were supplemented by modest quantities (generally less than 10,000 acre-feet per year) of ground water.
In 1970, a second aqueduct was completed (figs. 1.2-1 and 1.2-2), which increased the average capacity for exporting water by 50 percent.
With the completion of the second aqueduct, ground-water pumping was increased to supplement the water needed for the increasing population in Los Angeles.
Water from Owens River is diverted into the Los Angeles Aqueducts about 5 miles south of Tinemaha Reservoir. The reservoir (storage capacity, 16,405 acrefeet) regulates flow of the river prior to diversion.
In addition, ground water from pump-equipped wells is delivered to the aqueduct system throughout the valley.
The total quantity of surface water and ground water exported is measured at Haiwee Reservoir, about 8 miles south of Owens Lake.
From this reservoir, water flows by gravity in the aqueduct to Los Angeles.
Water exports to Los Angeles increased from about 150,000 acre-feet in 1925 to 500,000 acre-feet in 1982 ( fig. 1.2-3 Owens Valley is a long, narrow, sediment-filled trough that has been dropped down (as a graben) along normal faults that separate the valley from the Sierra Nevada and the White and Inyo Mountains.
The sides and bottom of the valley are formed by non-waterbearing granitic, sedimentary, and metamorphic rocks.
Thin layers of glacial deposits, eroded from the mountains during glacial periods that occurred 10,000 to 2 million years ago, are found in many of the mountain passes and valleys of the Sierra Nevada.
The generalized geology of the Owens Valley area is shown in figure 2 .1-1.
The valley is filled with unconsolidated to moderately consolidated valley-fill deposits, overlain by and interbedded with volcanic ash and flows.
Most of the valley-fill deposits consist of gravel, sand, silt, and clay that were eroded from the surrounding mountains. Alluvial fans, the buildup of alluvial deposits along the west side of the valley and to a lesser extent along the east side, represent the most recently eroded material from the Sierra Nevada, and the White and Inyo Mountains.
The valleyfill deposits along the center of the valley range in depth from less than 1,000 feet to more than 8,000 feet. Many of the lava flows are interbedded with and covered by valley-fill deposits.
Lakebed deposits of silt and clay are exposed at the surface in Owens Lake (dry) and other smaller playa areas in the valley. Numerous, and at times horizontally continuous, lenses of these lakebed deposits are interlayered in the subsurface with coarser-grained deposits, giving the valley-fill deposits a layered, alternating coarse-to finegrained structure.
Faults, which laterally and vertically offset adjacent rocks and valley-fill deposits, generally trend northwest to southeast in the valley.
Major vertical faults buried along the valley margin form the edges of the valley and define the lateral extent of the valley-fill deposits.
Some faults that cut the valley-fill deposits create a stepped, layered structure in the deposits. The predominant land use in Owens Valley is ranching.
Most of the valley floor is used as rangeland for cattle and other livestock ( fig. 2.3-1) .
Land use on the valley floor is limited mainly to cattle grazing, alfalfa production, and recreation.
Recreational use of 150,000 acres of scenic land, including hunting, fishing, and other outdoor sports, is the major economic activity in Owens
Land ownership is divided principally between the Federal Government and the city of Los Angeles.
Only a relatively small amount of land is held in private ownership.
The mountains and steep slopes, both on the east and west side of the Owens Valley, are part of the Inyo National Forest.
Slope areas along the valley margin are owned by the U.S. Bureau of Land Management.
In general. City-owned lands are located on the valley floor from north of Bishop to south of Lone Pine ( fig. 2 .3-3).
There are small pockets of private land scattered throughout the Owens Valley; however, the major private holdings are located within and adjacent to the municipalities of Bishop, Big Pine, Independence, and Lone Pine (Los Angeles Department of Water and Power, 1979) . 
DESCRIPTION OF AREA Continued
Native Vegetation
Vegetation Communities Described
Vegetation is of primary interest because of concern that it could be affected by continued increased ground-water pumping.
Most of the land in Owens Valley is covered by native vegetation.
Vegetation in the Owens Valley consists of more than 2,000 species and almost infinite variations within the species (Bateman and others, 1978) .
Plant species grow together because of shared tolerances or preferences to the selecting influences of soil, water, and climate.
Combinations of soil, pH, salinity, and texture combined with ground-or surface-water availability have established patterns of vegetation growth.
Within the valley, there are nine recognized vegetation communities (Criepentrog and Croeneveld, 1981) .
Within the valley, the native vegetation communities that occupy the greatest land area are (1) high ground water alkaline meadow, (2) high ground water alkaline scrub, (3) dryland alkaline scrub, and (4) dryland nonalkaline scrub (Criepentrog and Croenveld, 1981, p. 29) .
Each of these vegetation communities have preference for different soil types and water availability. Each of these communities have certain indicator plants which distinguish it. Below is a description of each of the vegetation communities.
The plant species shown are indicator species useful for recognizing the four largest communities (Criepentrog and Croeneveld, 1981) .
(1) High ground water alkaline meadow highly salt tolerant vegetation growing on permanently or seasonally moist soils. 
DESCRIPTION OF AREA Continued
Native Vegetation
HYDROLOGIC BUDGET Evapotranspiration and Water Exports are Large
Most of the outflow of water is from exports and by evapotranspiration loss; principal sources of water are runoff, inflow, and precipitation.
A hydrologic budget is an accounting of inflows, outflows, and changes in storage in the valley's hydrologic system (combined surface and ground water). Water in storage is the quantity of water in aquifers and surface reservoirs.
In estimating this hydrologic budget, changes in storage are assumed to be zero.
Percentages and totals of inflow and outflow shown in figure 3.0-1 were estimated using data from Los Angeles Department of Water and Power (1979, Nearly all of the precipitation that falls on the valley floor is transpired by plants or evaporated before it infiltrates to the ground-water system.
The ground-water system, as a part of the hydrologic system, functions as a storage and transportation medium. Water enters the ground-water system as recharge and is discharged by pumpage, flowing wells, springs, seepage to rivers, underflow beneath Haiwee Reservoir, evaporation, or transpiration by plants.
Pumpage is used to supplement export of water and to supply in-valley use, such as municipal water systems, irrigation, and fish hatcheries. The small amount of water from flowing wells, springs, and seepage is combined with streamflow for export.
Most of the water that recharges, but not held in storage, passes through the groundwater system and is eventually transpired by plants, evaporated, or exported.
Only Most of the tributary streams that drain the Sierra Nevada are less than 10 miles in length and flow at gradients of 100 feet per mile toward the Owens River. The Owens River is the principal stream in the valley.
All the tributary Streamflow, however, does not reach the Owens River because of upstream diversions into canals and ditches, including the Los Angeles Aqueduct.
Also, some surface water recharges the groundwater system or is diverted to nearby pasture and alfalfa lands.
Streamflow into the valley is measured at gaged sites on 31 tributaries ( fig.  1.1-1 1979 1969 1970 1969 1969 1939 1970 1948 1969 1969 1969 1969 1938 1969 1969 1969 1969 1946 1938 1941 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 1969 Acre 1977 1944 1961 1977 1935 1935 1935 1946 1977 1977 1977 1977 1960 1972 1961 1961 1961 1935 1961 1961 1961 1961 1960 1960 1972 1960 1960 1960 1972 1935 1972 1961 1961 1964 Acre Because of the depositional history of the Owens Valley, the valley-fill deposits range from clay, which has a low ability to transmit water, to sand and gravel, which readily transmit large quantities of water. The water-bearing valley-fill deposits are separated, to varying extent, by many confining layers of clay (see fig. 5 .1-1, wells 248 and 292).
Where these layers of clay are sufficiently thick and reasonably continuous, the valley-fill deposits are separated into two or more aquifers.
The shallow aquifer is an unconfined system above the clay layer. The deep aquifers are below and separated from the shallow aquifer by clay layers.
The deep aquifers generally are under pressure due to restriction of vertical flow caused by clay layers.
In such cases, the aquifer is considered to be confined.
Six drillers' logs were selected from more than 250 drillers' logs available for wells throughout the valley ( fig. 5.1-1 The extent and location of the volcanic rocks in the subsurface is generally associated with the occurrence of volcanic rocks found at the surface.
The volcanic rocks are fractured and wells drilled into these rocks generally yield as much as 9,000 gallons per minute of water.
(Altitude (Alt.) is land-surface altitude, in feet above National. 
Ground Water Flows Southward from Bishop Toward Owens Lake
Recharge of aquifers is primarily from infiltration of streamflow along flanks of the Sierra Nevada.
Ground water in the valley is primarily from infiltration of streamflow along the flanks of the Sierra Nevada.
Other sources include precipitation on the valley floor, underflow to the aquifer in the northern part of the valley, leakage from the Owens River and other water courses, controlled water spreading on the alluvial fans, releases of aqueduct water on the valley floor, and infiltration of water from irrigated fields.
Discharge occurs as springflow; evapotranspiration by vegetation; evaporation from
open-water surfaces such as ditches, streams, rivers, and lakes; and by pumping of wells or free flow from artesian wells.
Ground-water movement occurs because of a downward slope or gradient toward discharge areas.
Ground-water movement is relatively slow, ranging from a few feet to hundreds of feet per year.
Although a particle of water in the Owens River would take about 8 hours to flow from Bishop to Tinemaha Reservoir, it would require about 1,000 years to move the same distance through the valley-fill deposits.
Ground water moves from the flanks of the Sierra Nevada toward the center of the valley, and then southward from Bishop toward Owens Lake (dry). Some ground water discharges from the aquifers as evapotranspi ration, springflow, and by flowing and pumping wells.
In the central part of the valley, ground water naturally moves upward through the clay layers from the deep, confined aquifers to the near surface, unconfined aquifer.
The direction of ground-water movement in the deep and shallow aquifers can be inferred from contour lines representing equal altitudes of the water levels in wells.
A three-dimensional representation of this potentiometric surface is shown using computer graphics ( fig. 5.2-1) .
The flow path of the ground water is indicated by arrows which are perpendicular to the water-level contours of the lower map. Water levels are measured either monthly or semiannually in more than 500 shallow and deep wells, with continuous measurements on selected observation (nonpumping) wells.
GROUND WATER Continued
Pumping or flow rates from each pumped or flowing well are measured. Many of these ground-water data are computerized, tabulated, and stored monthly. From 1925 to 1982, the annual discharge from flowing wells generally ranged from 5,000 to 10,000 acre-feet per year.
Prior to 1937, the total discharge from flowing wells was generally less than 5,000 acre-feet per year, in part, due to the fewer number of flowing wells ( fig. 5.3-1) .
In 1917, the first pump was installed in a well, and ground-water pumpage supplemented the discharge from flowing wells.
From 1908 to 1970, Los Angeles drilled about 350 wells in Owens Valley.
Most of the wells drilled ranged in depth between 100 and 600 feet and were located on the valley floor. Each of these wells typically yielded 1,000 to 5,000 gallons per minute of water.
As of 1979, Los Angeles had about 475 wells and test holes on city-owned land in Owens Valley.
More than 90 of these wells are equipped with pumps for extracting ground water (Los Angeles Department of Water and Power, 1978, p. 5-7 to 5-8) . Pumpage from these wells averaged about 98,000 acre-feet per year for 1971-83, but was generally less than 10,000 acre-feet per year from 1932 to 1970, except during dry years ( fig. 5.3-1) .
Pump-equipped wells are generally located on the west side of the valley and were drilled along lines perpendicular to the ground-water flow pattern in order to intercept a large percentage of water flowing across the valley. This grouping of wells in a particular area is referred to as a well field.
The approximate extent of the well field for each area is shown in figure  5 .3-2.
Average pumpage for each well field is shown in table 5.3-1.
The Big Pine-Crater Mountain and Taboose-Aberdeen well fields supply about 50 percent of the total pumpage in Owens Valley.
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Springs Discharge Large Quantities of Water
Springflow is directly affected by pumping in nearby wells.
Historically, springs between Big Pine and Independence discharged the largest quantities of water in Owens Valley. These springs are Fish, Big Seeley, Little Seeley, Hines, Little Blackrock, and Big Blackrock ( fig. 5.4-1) . Springflow and pumpage data for 1935-84 are shown for two representative springs in figure 5.4-2.
A direct and immediate effect was measured on the quantity of springflow when nearby deep wells were pumped (Los Angeles Department of Water and Power, 1978, Appendix 6). Springs ceased to flow with continued pumping, and flowed again when pumping ceased or was minimal. 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 
GROUND WATER Continued
Aquifer Response to Pumpage
Deep and Shallow Aquifers Hydraulically Connected
Pumping from a deep aquifer can have markedly different effects on the shallow aquifer.
Most ground-water pumping historically has been from deep aquifers. As shown in the diagrammatic section in figure  5 .5-1, the effects of pumping from a deep aquifer can vary markedly. If pumpage from a deep aquifer is large enough, the potentiometric surface of the deep aquifer is lowered to a level below the water table in the shallow aquifer (case a).
Where the potentiometric surface of the deep aquifer is below the water table, ground water moves downward slowly through the confining clay layer from the shallow to the deep aquifer.
If pumping from the deep aquifer is not great enough to lower the potentiometric surface of the deep aquifer to a level below the water table in the shallow aquifer (case b), ground water continues to move upward from the deep aquifer into the shallow aquifer but at a slower rate.
The conditions and processes that control changes in water levels and movement of water between aquifers in Owens Valley such as the nature and thickness of the confining layers, evapotranspiration at the land surface, the quantities of ground-water recharge, and the pumpage from each aquifer are not fully understood.
These conditions and processes are the subject of a series of ongoing comprehensive ground-water and vegetation studies being done by the U.S. Geological Survey, Inyo County, and Los Angeles Department of Water and Power. -Level Fluctuations, 1971-84 
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Aquifer Response to Pumpage
GROUND WATER Continued
5.6 Historical Water
Water Levels Vary in Deep and Shallow Wells
In general, there is some correlation between ground-water pumpage and water-level fluctuations.
Historically, water levels measured in wells that tap deep and shallow aquifers vary depending on the thickness and extent of aquifers and intervening clay layers; transmission and storage properties of the aquifers; quantities of recharge, evapotranspiration, and pumpage; depth and location of perforated sections of wells;
and pumping duration.
An increase or decrease in ground-water pumping correspondingly creates a decline or rise in the water level in the pumping well and other wells in the vicinity, with some time delay.
The decline of water levels in deep and shallow wells is not an irreversible occurrence, because when pumping is discontinued, water levels generally recover to their previous level after a period of time.
Measured water levels for selected deep and shallow wells and ground-water pumpage for five of the nine well fields are shown in figure 5.6-1.
In many well fields, there is also some correlation between pumping in deep wells and water-level fluctuations in nearby shallow wells. Fluctuations in shallow wells, however, also are affected by changes in evapotranspiration and precipitation.
The cause-and-effect relation of water-level fluctuations in deep and shallow wells is not well understood and is the subject of current studies.
In the Laws well field, ground-water pumping is primarily from the deep and shallow parts of the saturated valley-fill deposits. Long-term water-level trends generally are similar in the deep and shallow wells in the Laws well field because of the lack of extensive clay layers between the deep and shallow aquifers.
Similar conditions exist in the south and southwest parts of the Bishop-Warm Springs well field (not shown), and waterlevel fluctuations are similar to those measured in the Laws well field.
However, in the east and west parts of the Bishop-Warm Springs well field, water-level trends in the deep and shallow aquifers do not correlate well.
Big Pine-Crater Mountain and TabooseAberdeen well fields supply about 50 percent of the total pumpage in Owens Valley. Ground-water pumping is primarily from deep aquifers in or near the volcanic rocks. Wells completed in the volcanic rocks yield large quantities of ground water. About two-thirds of the pumpage from the Big Pine-Crater Mountain well field is from wells near Fish Springs, which are about 0.5 mile southwest of well 224, for which the change in water levels is shown in figure 5. 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 
WATER YEAR
TABOOSE-ABERDEEN
7000 £ 6000 O 5000 ^ 4000 ~ 3000 g 2000 < 1000 0 1 1986 n- 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 WATER YEAR
EXPLANATION WATER LEVEL
Deep well
Shallow well
GROUND-WATER PUMPAGE
FIGURE 5.6-1,-Measured water levels for selected deep and shallow wells and ground-water pumpage for five well fields, water years 1971-84. 5.6 Historical Water-Level Fluctuations, 1971-84 Continued In the Thibaut-Sawmill Creek well field, ground-water pumping is primarily from the volcanic rocks.
GROUND WATER Continued
Deep well 356 and shallow well 416T are less than 0.25 mile apart. About three-fourths of the pumpage from this well field is from well 356 and an adjacent well.
When these wells are pumped. Blackrock Springs, which produces water from the volcanic rocks, ceases to flow. The pumping of deep well 356. which caused a water-level decline in 1981 of 30 feet, had minimal effect on the water level in nearby shallow well 116T, except during increased pumping in late 1980.
In 1981, however, the water level in the shallow well 116T rose when the water level in deep well 356 declined.
In the Independence-Oak Creek. SymmesShepherd Creek, Bairs-Ceorge Creek, and Lone Pine well fields (the latter three not shown), wells are perforated in both the deep and shallow aquifers. Athough pumpage is principally from the deep aquifers, some pumpage is also contributed by the shallow aquifers.
In these well fields, pumping has been minimal since 1978, and higher than normal runoff has caused a rise in water levels.
Water-level trends in the SymmesShepherd Creek, Bairs-Ceorge Creek, and Lone Pine well fields are similar to those measured in Independence-Oak Creek well field ( fig. 5.6-1 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 WATER YEAR 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 WATER YEAR The study is divided into three projects ( fig. 6 .0-1), each funded and administered separately for ease of organization and control of study tasks.
The first project, a cooperative vegetation study, is administered jointly by Inyo County and the city of Los Angeles.
The objective of this project is to map the plant distribution in the valley, relate plant physiology and distribution to changes in soil moisture and, in turn, the relation of soil moisture to changes in evapotranspiration. The results from this study will be used to calibrate and test plant water-use models and to help Inyo County and the city of Los Angeles develop a watermanagement plan.
The second project, administered by the Geological Survey, is a plantsurvivability study.
The objective of the study is to quantify the relation between plant stress and survivability in relation to changes in shallow groundwater levels.
Control sites have been established in four areas in the valley where regulated changes in shallow ground-water levels can be studied to relate the ability of native vegetation to survive under differing conditions of ground-water availability.
The results from the plant-survivability study will be used as optimization/management constraints in the ground-water study.
The third project, also administered by the Geological Survey, is a ground-water study. Within the ground-water project, teams have been set up to (1) study the effects of local weather on evapotranspiration; (2) analyze the relation between soil moisture, plant stress, and evapotranspiration using mathematical modeling techniques (plant and wateruse model).
The plant and water-use model is being developed by researchers at the University of California at Irvine and affiliated with the Geological Survey; and (3) analyze the ground-water flow system using mathematical models that integrate geologic and hydrologic boundary conditions, and simulate addition or subtraction of water from the system by evapotranspiration, wells, rivers, and recharge from snowmelt and precipitation.
The ultimate objective of the groundwater project is to analyze the groundwater system by using ground-water flow and optimization/management models. These models hopefully will be used to help the management agencies develop management alternatives that will attempt to optimize valley ground-water withdrawals.
The constraints for groundwater withdrawal are dependent on plant-water requirements for survivability, available water from recharge and runoff, aqueduct water requirements for export, and ground water stored in the hydrologic system. Flowing well. A well which penetrates a confined aquifer zone and has sufficient pressure to cause the water to rise and flow out of the well.
GLOSSARY
Graben. An elongate depressed block that is bounded on at least two sides by faults.
Infiltration. The movement of water through small openings in the soil. Generally refers to movement of water from the land surface or a body of surface water into the ground. Observation well. A well drilled in a selected location for the purpose of observing water levels or for the collection of water samples for chemical analysis.
Playa. The flat-floored bottom of an undrained desert basin that becomes a shallow lake at times of above average precipitation or runoff.
Permeability. A measurement of the ability of aquifer material to transmit water.
Potentiometric surface. A surface that represents the height of the free surface of a body of water above a given subsurface point in an aquifer. It is defined by the level at which water will stand in a tightly cased well.
Pumping well. A well that is equipped with a pump to bring water to the surface.
Rainshadow effect. The weather effect in a region where on the lee side of a mountain or mountain range, facing away from the prevailing winds and storm track, the rainfall is noticeably less than on the windward side.
Recharge. The processes involved in the addition of water to the groundwater system.
Unconfined aquifer. An aquifer in which only part o? the permeable rock is saturated and which has a water table.
Underflow. Movement of water through subsurface stratum.
Water resources. Supply of water in a given area of a drainage basin, usually interpreted in terms of availability of surface or underground water.
Water spreading. Application of water to lands for the purpose of increasing the growth of vegetation or to store it as ground water for subsequent withdrawal; the diversion of surface runoff to allow it to infiltrate into the soil.
Water table. The surface in an unconfined aquifer below which the materials are saturated with water. The water table is the level at which water stands in wells that penetrate the uppermost part of an unconfined aquifer.
The water-table surface is at atmospheric pressure.
Water Year. The 12-month period, October 1 through September 30. The water year is designated by the calendar year in which it ends and which includes 9 of the 12 months.
Thus, the year ending September 1986 is called the 1986 water year.
WelIs. Generally cylindrical in form and often walled in, sunk (drilled, dug, driven, bored, or jetted) into the ground to such a depth as to penetrate water-yielding rock or soil usually for the purpose of allowing water to flow or to be pumped to the land surface. 
